Summary: More than 80% of patients entering cardiac rehabilitation (CR) are overweight, and Ͼ50% have metabolic syndrome. Current CR protocols, however, result in little weight loss and minimal changes in cardiac risk factors. We designed a CR exercise protocol aimed at maximizing exercise-related caloric expenditure and compared its efficacy with standard CR exercise to induce weight loss and favorably affect cardiac risk factors. Both study groups received similar nutritional counseling to reduce caloric intake. The highcalorie-expenditure exercise protocol, consisting of almost daily, longer-distance walking, resulted in double the weight loss and a greater fat mass loss and waist reduction than standard CR exercise. The high-calorie-expenditure exercise protocol resulted in reduced insulin resistance and a reduction in the ratio of total to high-density lipoprotein cholesterol and components of the metabolic syndrome to a greater degree compared with standard CR exercise. When the study groups were combined, the overall prevalence of the metabolic syndrome was reduced from 59% to 31%, and improvements in insulin resistance, lipid parameters, blood pressure, C-reactive protein, and plasminogen activator inhibitor-1 were noted, highlighting the multirisk benefits of exercise and weight loss. These results demonstrate that high-calorie-expenditure exercise should be the exercise modality of choice to maximize weight loss and to reduce cardiac risk predictors for overweight patients in CR programs. Implementation of this approach in CR exercise will require substantial modifications to currently used exercise programs because a large component of the exercise program needs to be accomplished beyond the confines of the usual 3-day/wk, onsite exercise prescription.
Physical Exercise Prevents Cellular Senescence in Circulating Leukocytes and in the Vessel Wall
Summary: Telomere erosion is a central component of aging, and telomere-associated proteins regulate cellular senescence and survival. To elucidate the cellular mechanisms of the vasculoprotective effects of physical exercise, mice were randomized to voluntary running or no running wheel conditions. Exercise upregulated telomerase activity and telomere regulating proteins in the thoracic aorta and in circulating mononuclear cells compared with sedentary controls and reduced the expression of vascular apoptosis regulators such as cell-cycle-checkpoint kinase 2, p16, and p53. Mice preconditioned by voluntary running exhibited a marked reduction in lipopolysaccharide-induced endothelial apoptosis. Transgenic mouse studies showed that endothelial nitric oxide synthase and telomerase reverse transcriptase synergize to confer endothelial stress resistance after physical activity. To test the significance of these data in humans, telomere biology in circulating leukocytes of young and middle-aged track and field athletes was analyzed. Peripheral blood leukocytes isolated from endurance athletes showed increased telomerase activity, expression of telomere-stabilizing proteins, and downregulation of cell-cycle inhibitors compared with untrained individuals. Older athletes were characterized by reduced leukocyte telomere erosion compared with untrained controls. We therefore conclude that physical activity represents an "antiaging" intervention mediating cellular antisenescent and antiapoptotic vascular effects.
Conclusions: Physical activity regulates telomere-stabilizing proteins in mice and in humans and thereby protects from stress-induced vascular apoptosis. 2 Heart Rate Response to Exercise Stress Testing in Asymptomatic Women: The St. James Women Take Heart Project Summary: The definition of a normal heart rate (HR) response to exercise stress testing in women is poorly understood, given that most studies describing a normative response predominately studied men. Peak HR estimates are based on the equation of 220 -age, which is considered the traditional estimate and is used for both sexes. The validity of this peak HR equation in women has not been described. We examined the peak HR and chronotropic response to exercise stress testing in 5437 asymptomatic women and found that the equation: Peak HRϭ206Ϫ0.88 (age) better estimated peak HR to maximal stress testing in women, compared with the traditional estimate. In addition, incorporating this estimate for peak HR for women improved the measures of chronotropic incompetence (including inability to achieve 85% of age-predicted heart rate and a chronotropic index of Ͻ0.8) as markers of risk of all-cause mortality in women, compared with the use of the traditional estimates. Sex-specific parameters of physiological HR response to exercise should be incorporated into clinical practice. Use of this female-specific equation will improve risk prediction in women; specifically, relatively more women will achieve their age-predicted targets for greater accuracy for diagnosis and prognosis.
Conclusions: Chronotropic incompetence is associated with an increased risk of death in asymptomatic women; however, the traditional male-based calculation overestimates the maximum HR for age in women. Sex-specific parameters of physiological HR response to exercise should be incorporated into clinical practice. 3 
Effects of Different Types of Exercise Training Followed by Detraining on Endothelium-Dependent Dilation in Patients With Recent Myocardial Infarction
Summary: Physical exercise is a simple, physiological method for improving endothelial function in patients with ischemic heart disease. It is, however, not yet understood whether endothelial function can be improved only by classic aerobic exercise or by other types of exercise such as resistance training known to have many physiological benefits (eg, on muscle function). We therefore investigated endothelial function in a population of patients who had recently had a myocardial infarct, comparing 159 patients, divided into 3 groups, who underwent different types of training (aerobic, resistance, and their combination) with a control group of 50 patients who did not follow an exercise training program. Endothelial function was analyzed by measuring flow-mediated dilation. Our data clearly showed that the benefit of training, provided that it was of a certain intensity and duration, on endothelial dysfunction was independent of the type of exercise (aerobic, resistance, or combined). After 4 weeks of training, flow-mediated dilation improved significantly in all 3 trained groups. Although there was also a slight, spontaneous improvement in the control group, presumably related to the time passed since the infarct, the improvements in the trained groups were very substantial. All types of exercise were well tolerated and did not cause any complications in our patients. This is an additional reason, besides the already-mentioned beneficial effects of physical activity, for encouraging patients to carry out several types of physical activity to promote better long-term adherence to exercise programs.
Conclusion:
In patients with recent acute myocardial infarction, exercise training was associated with improved endothelial function independently of the type of training, but this effect disappeared after 1 month of detraining. 4 
Exercise Blood Pressure and Future Cardiovascular Death in Asymptomatic Individuals
Summary: Individuals with exaggerated exercise blood pressure (BP) tend to develop future hypertension. It is controversial whether exercise BP is associated with higher risk of death from cardiovascular disease. This prospective study evaluated whether an exaggerated exercise BP response, either systolic or diastolic, was associated with future long-term cardiovascular disease death in a large population of healthy men and women enrolled in the Lipid Research Clinics Prevalence Study. A total of 6578 asymptomatic individuals (45% women; mean age, 46 years; 74% with untreated baseline BP Ͻ140/90 mm Hg [nonhypertensive]) performed submaximal Bruce treadmill tests and were followed for 20 years. Elevated exercise BP at rest, at low-level exercise (Bruce stage 2), and at maximal exercise BP all predicted future cardiovascular disease death, with the strongest association noted for rest BP, followed by Bruce stage 2 BP, and then maximum exercise BP. Although exercise BP was not significant after accounting for rest BP in the entire population, baseline hypertension significantly modified the risk associated with exercise BP. Specifically, among nonhypertensive individuals with either normal rest BP (Ͻ120/80 mm Hg) or prehypertension (120 -139/80 -89 mm Hg), Bruce stage 2 BP Ͼ180/90 mm Hg identified individuals with up to 2.4-fold higher risk of cardiovascular disease death and added predictive value to rest BP and other risk factors. Bruce stage 2 BP Ͼ180/90 mm Hg potentially identifies a population that may warrant more aggressive treatment than is currently recommended.
Conclusions:
In asymptomatic individuals, elevated exercise BP carried higher risk of CVD death but became nonsignificant after accounting for rest BP. However, Bruce stage 2 BP Ͼ180/90 mm Hg identified nonhypertensive individuals at higher risk of CVD death. 5 
Exercise Capacity and Mortality in Older Men: A 20-Year Follow-Up Study
Summary: Our findings strongly support that increased exercise capacity is associated with significantly lower mortality risk in individuals aged 65 to 92 years. Most health benefits are evident at fitness levels reflected by an exercise capacity Ͼ5 METs. This level of fitness is likely achievable by most individuals regardless of age through 20 to 40 minutes of moderate daily exercise, such as brisk walking. In addition, improvement in fitness status even at this age appears to result in a significant reduction in mortality risk. The association between fitness and mortality in older individuals is of particular public health significance in light of the aging of the population. Our findings suggest that the fitness-related health benefits are achieved regardless of age or fitness status. Thus, these results extend the public health message on the health benefits of fitness and physical activity to older individuals. We urge that exercise capacity be given as much attention by clinicians as other major risk factors. Individuals should be encouraged by healthcare professionals to initiate and maintain a physically active lifestyle consisting of moderate-intensity activities (brisk walking or similar activities) at any age. Such programs are likely to improve exercise capacity and lower the risk of mortality in older individuals.
Conclusions:
Exercise capacity is an independent predictor of allcause mortality in older men. The relationship is inverse and graded, with most survival benefits achieved in those with an exercise capacity Ͼ5 METs. Survival improved significantly when unfit individuals became fit. 6 
Value of Exercise Treadmill Testing in the Risk Stratification of Patients With Pulmonary Hypertension
Summary: In patients with pulmonary hypertension (PH), World Health Organization functional class and the 6-minute walk test are noninvasive tools that are used to define clinical severity. However, these tests may suffer from their subjective nature, and the 6-minute walk test may not be able to discriminate functional capacity in World Health Organization classes I-II patients. The ability of the Naughton-Balke exercise treadmill test (ETT), an objective indicator of exercise capacity, to predict abnormal hemodynamics and mortality in PH is unknown. In our cohort study of 603 patients with PH, we studied the use of ETT as a predictor of abnormal hemodynamics and death. Decreased exercise capacity was independently associated with elevated right atrial and mean pulmonary artery pressure, decreased cardiac index, and increased pulmonary vascular resistance. Decreased exercise capacity was associated with mortality in the study cohort overall, the subgroup of patients who were functional classes I-II, and the subgroup of patients who had World Health Organization category I PH (pulmonary arterial hypertension). Although the 6-minute walk test has played an important role in the development of therapeutics for pulmonary arterial hypertension, ETT may improve the ability to detect early signals of efficacy and better define the magnitude of benefit specific to cardiopulmonary function. ETT is a simple, widely available, and inexpensive modality for the objective determination of exercise capacity. Future clinical trials in PH should include the ETT as a surrogate end point to prospectively validate its use.
Conclusions: Reduced exercise capacity on exercise treadmill test is associated with worse hemodynamics and is a predictor of mortality in patients with pulmonary hypertension. 7 Exercise Training in Older Patients With Heart Failure and Preserved Ejection Fraction: A Randomized, Controlled, Single-Blind Trial Summary: Heart failure (HF) with preserved left ventricular ejection fraction (HFPEF) is the most common form of HF in the older population, and exercise intolerance is its primary chronic symptom and a strong determinant of reduced quality of life (QOL). In patients with HF with reduced ejection fraction, exercise training (ET) improves exercise intolerance and QOL; however, little is known regarding the effect of ET in HFPEF. In this randomized, attentioncontrolled, single-blind study of elderly patients with isolated HFPEF, 16 weeks of medically supervised ET (3 days per week) was found to be safe and resulted in a 21% improvement in exercise capacity (peak exercise oxygen uptake) in the ET group compared to the control group (Pϭ0.0002). There were also significant improvements in exercise time, 6-minute walk distance, and ventilatory anaerobic threshold (all PϽ0.002). There was improvement in the physical QOL score (Pϭ0.03) but not in the total score (Pϭ0.11). Although the present results do not allow elucidation of the mechanism of improvement in exercise capacity, there were no changes in resting left ventricular structure and function or neurohormone levels. These results indicate that ET is safe and can improve both peak and submaximal exercise performance in older patients with HFPEF. This finding is particularly relevant because large pharmacological intervention trials in HFPEF have thus far had neutral results and because exercise intolerance is an important determinant of QOL in these patients. Therefore, this nonpharmacological intervention may be a worthwhile consideration for patients with this common and increasingly prevalent disorder. Summary: We performed an head-to-head comparison on the clinical and prognostic validity of the 6-minute walk test (6MWT) and cardiopulmonary exercise testing to identify their most appropriate respective roles in the clinical follow-up of patients with heart failure (HF) of both systolic and diastolic origin. In contrast to previous studies that primarily compared 6MWT distance with peak oxygen consumption (Vo 2 ), we extended the analysis by including exercise ventilatory gas exchange-derived measures of ventilation efficiency (ie, slope of ventilation to carbon dioxide production, Ve/Vco 2 ) and abnormalities in the ventilatory pattern (ie, exercise oscillatory breathing, EOB) that, in recent years, have consistently emerged as powerful indicators of HF clinical status and outcome. We found that 6MWT distance was significantly decreased in proportion with lower peak Vo, higher Ve/Vco 2 slope classes, and EOB presence, suggesting its use for assessing the severity of exercise impairment. However, nonsignificant differences in distance covered were observed between survivors and nonsurvivors. The prognostic use of 6MWT distance was not significant either way when walked distance was analyzed as continuous or dicotomized variable (Յ300 m) considering both the population with systolic HF or the entire population. Conversely, cardiopulmonary exercise testing-derived variables emerged as robust prognosticators with the strongest association found for EOB (systolic HF) and Ve/Vco 2 slope (entire population with HF and patients with a 6MWT Յ300 m). Our findings confirm 6MWT as a simple and reliable first-line test for quantification of exercise intolerance and daily life disability in population with HF. However, clinicians running exercise laboratories should refer to cardiopulmonary exercise testing-derived ventilatory variables to collect the most powerful and independent prognostic markers of cardiac outcome.
Conclusions

Conclusions:
The 6MWT is confirmed to be a simple and reliable first-line test for quantification of exercise intolerance in patients with HF. However, there is no supportive evidence for its use as a prognostic marker in alternative to or in conjunction with CPETderived variables. 9 
Importance of Treadmill Exercise Time as an Initial Prognostic Screening Tool in Patients With Systolic Left Ventricular Dysfunction
Summary: Physicians often refer patients with advanced heart failure for exercise testing with metabolic gas exchange measurements to assess suitability for cardiac transplantation. Peak oxygen consumption and other metabolic measures are known to be powerful predictors of mortality. We asked whether treadmill exercise time according to a standardized protocol might be comparable to peak oxygen consumption for assessment of prognosis. We analyzed the outcomes of 2231 patients with systolic heart failure who all underwent metabolic exercise stress testing on a modified Naughton protocol. During a mean follow-up of 5 years, 742 patients (33%) died, and 249 patients (11%) underwent heart transplantation urgently. We found that after accounting for baseline clinical characteristics, treadmill exercise time performed similarly to peak oxygen consumption for predicting poor outcome. For a 1-minute change in exercise time, there was a 7% increased hazard of death (eg, comparing 480 -540 seconds, hazard ratioϭ1.07, 95% confidence interval 1.02-1.12, Pϭ0.004). Mortality rates were particularly high for women who exercised less than 5 minutes and 17 seconds and for men who exercised less than 6 minutes. Our findings suggest that treadmill exercise time may be valuable as an initial prognostic screening tool in patients with advanced heart failure.
Conclusions:
Because cardiopulmonary stress testing is not available in every hospital, treadmill exercise time with a modified Naughton protocol may be of value as an initial prognostic screening tool. 10 
Prevalence and Clinical Significance of Aortic Root Dilation in Highly Trained Competitive Athletes
Summary: The aorta is exposed to hemodynamic stress during endurance or power exercise training, which is associated with substantial increases in cardiac output and blood pressure. It is therefore plausible that significant aortic root remodeling may occur in highly trained athletes. The distribution of aortic dimension, prevalence, and clinical significance of aortic dilatation were investigated in 2317 highly trained athletes (56% male) free of cardiovascular disease. In males, aortic root was 23 to 44 mm (32.2Ϯ2.7), with 99th percentile of 40 mm; in females, aortic root was 20 to 36 mm (27.5Ϯ2.6), with 99th percentile of 34 mm. Only 1.3% of male and 0.9% of female athletes showed aortic root enlargement above the threshold values of 40 mm and 34 mm, respectively. Multivariable analysis showed that sports per se had only a limited influence on aortic dimension, whereas a more substantial impact was attributable to age, height, weight, and sex. In male athletes with enlarged aorta (Ն40 mm), further dimensional increase (40.9Ϯ1.3-42.9Ϯ3.6 mm; PϽ0.01) occurred over an 8Ϯ5-year follow-up, including 3 athletes in whom the aorta dilated substantially (to 50, 50, and 48 mm) after 15 to 17 years of follow-up in the absence of systemic disease, underscoring the importance of continued clinical surveillance. In female athletes, changes in aortic dimension over time were trivial and did not raise clinical concern. In conclusion, aortic root dimension Ն40 mm (and Ն34 mm in females) is very uncommon, occurring in only Ϸ1% of a large population of highly trained athletes, and does not represent an expression of physiological cardiac remodeling (ie, athlete's heart).
Conclusions: An aortic root dimension Ͼ40 mm in highly conditioned male athletes (and Ͼ34 mm in female athletes) is uncommon, is unlikely to represent the physiological consequence of exercise
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training, and is most likely an expression of a pathological condition, mandating close clinical surveillance. 11
Physical Activity During Daily Life and Functional Decline in Peripheral Arterial Disease
Summary: Men and women with lower-extremity peripheral arterial disease (PAD) have greater functional limitation and faster rates of functional decline compared with persons without PAD. Few modifiable risk factors have been identified that are associated with slower rates of functional decline in persons with PAD. This study assessed the association of greater physical activity during daily life with the rate of decline in functional performance among patients with PAD. Two hundred three men and women with PAD wore a vertical accelerometer for 7 days at baseline for continuous objective monitoring of physical activity and were followed up annually for up to 4 years. Higher baseline physical activity during daily life was associated with significantly less average annual decline in 6-minute walking distance, fast-paced 4-m walking velocity, and the short performance physical battery after adjustment for confounders. Our findings suggest that greater physical activity during daily life is associated with less decline in functional performance among persons with PAD. These findings suggest that clinicians should advise their patients with PAD to maximize physical activity during daily life. However, additional study with a randomized controlled clinical trial is warranted to determine whether interventions that increase physical activity during daily life are associated with slower rates of functional decline in persons with PAD.
Conclusions: Higher physical activity levels during daily life are associated with less functional decline among people with peripheral arterial disease. These findings may be particularly important for the large number of peripheral arterial disease persons without access to supervised walking exercise programs. 12
Cardiovascular Effects of 1 Year of Progressive and Vigorous Exercise Training in Previously Sedentary Individuals Older Than 65 Years of Age
Summary: Healthy but sedentary aging leads to the stiffening of the heart. For example, the left ventricle (LV) becomes less compliant and LV early diastolic function (relaxation and filling) becomes impaired with aging. Life-long endurance training as seen in Masters athletes can prevent this age-related change in the LV compliance, but only minimally influences age-related impairments in dynamic LV relaxation and filling. In the present study, we prescribed a year of progressive and vigorous exercise training to 9 sedentary individuals older than 65 years of age and evaluated overall cardiac function by use of several modalities, including invasive pressure-volume measurements, exercise testing, cardiac echo-Doppler, and cardiac MRI before and after the training. To our knowledge, this is the first study to evaluate the effect of exercise training on the LV compliance in sedentary individuals. Unfortunately the hypothesized improvement in LV compliance with training was not observed in this small but carefully studied sample. Nonetheless, the dose of exercise training prescribed induced physiological LV remodeling and imparted favorable effects on arterial function and aerobic exercise capacity, which may have beneficial effects for cardiovascular morbidity and mortality. Further research will elucidate at which age exercise training should be started or how much exercise training (volume and intensity) per week is needed to prevent the age-related change in LV compliance. The present results could constitute an important step for the development of optimal training programs or adjunctive therapies in seniors with and without cardiovascular diseases. endothelial progenitor cells and the homing of these cells to the site of the ischemic vasculature associated with activation of HIF-1␣. All of these effects were diminished by LY2940029, an inhibitor of phosphatidylinositol 3-kinase; enhanced by deferoxamine, an HIF-1␣ stabilizer; and impaired by knockout of matrix metalloproteinase-2. Thus, therapeutic interventions with ST in advanced age restore the "young" hypoxic response and prevent age-associated declines in vascular regeneration by recruiting and improving delivery of endothelial progenitor cells to the vasculature through phosphatidylinositol 3-kinase signaling pathway-dependent HIF-1␣/vascular endothelial growth factor/matrix metalloproteinase-2 activation. We therefore conclude that a therapeutic ST intervention represents the complement of pharmacological or genetic interventions.
Conclusions: ST can improve neovascularization in response to hypoxia via a phosphatidylinositol 3-kinase-dependent mechanism that is mediated by the HIF-1␣/vascular endothelial growth factor/ MMP-2 pathway in advanced age. 15
Exercise Hemodynamics Enhance Diagnosis of Early Heart Failure With Preserved Ejection Fraction
Summary: Exertional dyspnea is a common complaint that may be due to cardiac or noncardiac etiologies. When the ejection fraction is depressed in a patient with exertional dyspnea, the diagnosis of heart failure typically is made. However, in patients with normal ejection fraction, it often is challenging to determine whether symptoms are due to heart failure with preserved ejection fraction (HFpEF) or noncardiac dyspnea, particularly when patients appear euvolemic. Clinical indicators of volume overload, such as examination findings, echocardiography, and brain natriuretic peptide levels, are commonly used to distinguish these groups, but it remains unknown whether the absence of volume overload as detected by these resting markers effectively rules out HFpEF. In this study, we demonstrate that in patients with "early" stage HFpEF, hemodynamic evidence of volume overload and diastolic dysfunction may be present only during the stress of exercise, and as such, the diagnosis of HFpEF may only be made by assessing hemodynamic responses during exercise. The increase in pulmonary wedge pressure with leg raise and submaximal exercise along with the increase in pulmonary artery systolic pressure with peak exercise each identified HFpEF with greater accuracy compared to conventional testing used to diagnose heart failure. These results show that the diagnosis of HFpEF may be missed if one relies exclusively on measures of ventricular function and filling pressures obtained at rest. Invasive exercise hemodynamics allow for more accurate and specific diagnosis of early HFpEF among patients complaining of exertional dyspnea.
Conclusions: Euvolemic patients with exertional dyspnea, normal brain natriuretic peptide, and normal cardiac filling pressures at rest may have markedly abnormal hemodynamic responses during exercise, suggesting that chronic symptoms are related to heart failure. Earlier and more accurate diagnosis using exercise hemodynamics may allow better targeting of interventions to treat and prevent HFpEF progression. 16 
Exercise-Induced ECG Changes in Brugada Syndrome
Summary: Brugada syndrome is characterized by a typical ECG pattern (coved-type ST-segment elevations in the right precordial leads) and increased risk for fatal ventricular arrhythmia (ventricular tachycardia and/or ventricular fibrillation). In some patients, Brugada syndrome involves loss-of-function mutations in SCN5A, the gene that encodes the cardiac sodium channel. The typical ECG pattern is dynamic and often concealed but can be evoked for diagnostic purposes with drugs that possess the ability to block the cardiac sodium channel. Exercise is anecdotally reported to induce ventricular arrhythmia in patients with Brugada syndrome. In this study, we assessed the effects of exercise on ECGs of patients with Brugada syndrome. We found that exercise aggravated the ECG abnormalities in Brugada syndrome, including widening of the QRS intervals, prolongation of the QT c durations, and further elevation of the right precordial ST segments. Importantly, the latter is associated with increased risk for sudden death. These data suggest that an exercise test may be an alternative safe tool for diagnosis in subjects suspected of having Brugada syndrome. However, further research is required to test this suggestion and to investigate whether an exercise test may be used as a tool for risk stratification in patients with Brugada syndrome.
Conclusions: Exercise aggravated the ECG phenotype in BrS. The presence of an SCN5A mutation was associated with further conduction slowing at fast heart rates. Possible mechanisms that may explain the observed ECG changes are discussed. 17
Metabolic Modulator Perhexiline Corrects Energy Deficiency and Improves Exercise Capacity in Symptomatic Hypertrophic Cardiomyopathy
Summary: Cardiac energy impairment is a consistent feature of hypertrophic cardiomyopathy and precedes the development of hypertrophy. We hypothesized that this energy deficiency plays a key role in the pathophysiology of exercise limitation via impairment of the highly energy-dependent process of left ventricular active relaxation on exercise. To test this hypothesis, we assessed whether the metabolic modulator perhexiline augmented myocardial energetics in hypertrophic cardiomyopathy and whether this translated into improved physiological and clinical outcomes in a randomized, double-blind, placebo-controlled study. In accordance with previous studies, the hypertrophic cardiomyopathy patients in the present study, who were symptomatic but manifested no left ventricular outflow tract obstruction, had a significantly decreased myocardial energy charge as assessed by 31 P magnetic resonance spectroscopy; this was accompanied by a paradoxical dynamic slowing of myocardial relaxation during exercise. Perhexiline improved myocardial energetics, normalized the impairment of dynamic myocardial relaxation, and improved both patient symptoms and exercise capacity. The results of the present study support the hypothesis that energy deficiency contributes to the pathophysiology of exercise limitation in hypertrophic cardiomyopathy and that augmenting myocardial energetics through metabolic modulation may be a novel and potentially effective therapy for the management of symptomatic hypertrophic cardiomyopathy in patients without left ventricular outflow tract obstruction, although this requires confirmation in a larger study. The therapeutic potential is especially important in this group of patients in whom treatment options are limited.
Conclusions:
In symptomatic hypertrophic cardiomyopathy, perhexiline, a modulator of substrate metabolism, ameliorates cardiac energetic impairment, corrects diastolic dysfunction, and increases exercise capacity. This study supports the hypothesis that energy deficiency contributes to the pathophysiology and provides a rationale for further consideration of metabolic therapies in hypertrophic cardiomyopathy. 18 
A Randomized Double-Blind Trial of Enalapril in Older Patients With Heart Failure and Preserved Ejection Fraction: Effects on Exercise Tolerance and Arterial Distensibility
Summary: Exercise intolerance is the primary symptom in patients with heart failure and preserved ejection fraction (HFPEF); however, little is known regarding its therapy. This randomized, double-blind, placebo-controlled study examined the effect of 12 months of treatment with the angiotensin-converting enzyme inhibitor enalapril on exercise tolerance and quality of life as well the alterations in left ventricular and arterial function that may contribute to HFPEF pathophysiology. Patients at baseline were stable and compensated
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and had controlled blood pressure. Contrary to our primary hypothesis, the angiotensin-converting enzyme inhibitor produced no differences in exercise performance, aortic distensibility, or left ventricle mass and volume. There was a trend toward improved quality of life, modest reductions in resting diastolic and peak exercise systolic blood pressures, and mild improvement in carotid arterial distensibility. Doppler measurements of left ventricular diastolic function were not significantly changed. Along with results of large clinical event trials, these findings suggest that using angiotensin II as a therapeutic target in patients with stable, compensated HFPEF and controlled blood pressure does not substantially improve key clinical outcomes; suggest that our understanding of HFPEF may be incomplete; and highlight the need for new treatment paradigms for this important and common disorder.
Conclusions:
In stable, older patients with compensated HFPEF and controlled blood pressure, 12 months of enalapril did not improve exercise capacity or aortic distensibility. These data, combined with those from large clinical event trials, suggest that angiotensin inhibition does not substantially improve key long-term clinical outcomes in this group of patients. This finding contrasts sharply with observations in HF with reduced EF and highlights our incomplete understanding of this important and common disorder. 19 
Regular Exercise Training Prevents Aortic Valve Disease in Low-Density Lipoprotein-Receptor-Deficient Mice
Summary: Calcified aortic valve (AV) stenosis is a large and growing health problem with no alternatives to costly invasive treatment in Western countries. Thus, the optimum timing of novel therapy for the prevention of calcified AV disease is an active area of investigation. AV sclerosis can develop into AV stenosis in many patients. In addition, severe valve calcification indicates a rapid disease progression and poor prognosis in patients with AV stenosis. Thus, an effective intervention at an earlier stage of disease before the development of severe valve calcification (eg, AV sclerosis) would have major clinical benefits. The present study demonstrated that regular exercise training but not occasional exercise training prevented AV sclerosis in mice via numerous favorable mechanisms, including preservation of valvular endothelial integrity and a subsequent decrease in recruitment of inflammatory cells, oxidative stress, and the osteogenic process. These novel findings indicate that regular physical activity may be recommended for prevention of the early stage of calcified AV disease. Accumulated evidence suggests that several cardiovascular risk factors are associated with AV sclerosis/stenosis and that the metabolic syndrome is associated with an increased prevalence of AV calcium or progression of AV stenosis. The metabolic syndrome is a potentially preventable and modifiable condition that results primarily from a sedentary lifestyle. Many of the features of the metabolic syndrome are not reversed by the pharmacological treatment of traditional risk factors (eg, statins). Therefore, regular exercise training is warranted and may represent a promising intervention to reduce the incidence and mortality of calcified AV stenosis, particularly at an early stage of disease.
Conclusions:
In the low-density lipoprotein-receptor-deficient mouse, regular exercise training prevents aortic valve sclerosis by numerous mechanisms, including preservation of endothelial integrity, reduction in inflammation and oxidative stress, and inhibition of the osteogenic pathway. 20 
Exercise Training in Patients With Advanced Chronic Heart Failure (NYHA IIIb) Promotes Restoration of Peripheral Vasomotor Function, Induction of Endogenous Regeneration, and Improvement of Left Ventricular Function
Summary: Limitation of exercise capacity in patients with chronic heart failure is due to not only impairment of left ventricular function but also a result of peripheral maladaptations involving a blunted peripheral perfusion and intrinsic alterations of skeletal muscle. In patients with stable, moderate heart failure, exercise training has been shown to enhance exercise capacity and to partially reverse intrinsic alterations of skeletal muscle in the absence of harmful side effects on central hemodynamics. The present study demonstrates that in patients with advanced heart failure (New York Heart Association class IIIb), aerobic endurance training for a period of 12 weeks leads to an increase in exercise capacity. This was associated with a decline in left ventricular end-diastolic and end-systolic dimensions and an augmentation in ejection fraction. Exercise training resulted in an improvement of peripheral vasomotion and enhanced capillary density in the skeletal muscle as a sign of skeletal muscle regeneration. Correction of endothelial dysfunction and enhanced neovascularization in the skeletal muscle might be at least partially the result of an increase in number and improvement of function of endogenous progenitor cells. In summary, improvement in endothelial and cardiac function and augmentation in capillary density of the skeletal muscle associated with regular physical activity suggest that exercise training is not only an intervention to improve exercise capacity and clinical symptoms but may also induce endogenous vascular repair and cardiac remodeling in patients with advanced heart failure.
Conclusions: Twelve weeks of exercise training in patients with advanced chronic heart failure is associated with augmented regenerative capacity of circulating progenitor cells, enhanced flowmediated dilation suggestive of improvement in endothelial function, skeletal muscle neovascularization, and improved left ventricular function. 21 
Prognostic Implications of Left Ventricular Filling Pressure With Exercise
Summary: Of raised left ventricular filling pressure (based on the ratio of transmitral and annular velocities, E/eЈ ratio) during resting echocardiography holds important prognostic value. However, many patients with normal resting left ventricular filling pressure complain of exertional symptoms, and some of these demonstrate an increment of E/eЈ ratio with stress. The prognostic implications of this response, especially in relation to other prognostic markers such as ischemia, are undefined. This may be particularly important because many studies have failed to account for the influence of ischemia on diastolic function. This study demonstrates the adverse outcome associated with raised E/eЈ during exercise echocardiography. Importantly, more than half of the patients with raised E/eЈ with exercise had normal filling pressure at rest indicating the incremental information provided by exercise. This study shows that the prognostic value of exercise E/eЈ is independent of ischemia. Despite the similar outcomes associated with raised exercise E/eЈ and ischemia, treatment options for raised filling pressure are not known, and objective identification of those at risk may assist in the investigation of appropriate therapies.
Conclusions: Exercise E/eЈ is associated with cardiovascular hospitalization, independent of and incremental to inducible ischemia. 22 
Alteration in Left Ventricular Strains and Torsional Mechanics After Ultralong Duration Exercise in Athletes
Summary: Ultralong-duration exercise may cause myocardial damage associated with transient systolic and diastolic dysfunction. To get insight into the underlying mechanisms responsible for the observed decrease in left ventricular (LV) function, we used 2D ultrasound speckle tracking imaging and assessed LV regional strain and torsion during the cardiac cycle. During systole, we observed a decrease in LV longitudinal, circumferential, and radial strain. The reduced myocardial peak systolic strain rates reflected alterations in myocardial contractility that contributed to the reduced ejection fraction and stroke volume after the race. During diastole, LV twist was decreased and delayed. This was associated with a loss of the rapid untwisting that occurs during isovolumic relaxation, a key factor of LV diastolic suction and thus of early filling. Similar myocardial deformation abnormalities have been demonstrated in patients with chronic LV overload due to aortic regurgitation. Torsional mechanical alterations similar to those found in our athletes after ultralong exercise have also been documented in states associated with worsened relaxation such as chronic pressure overload or tachycardia-induced dilated cardiomyopathy. Although previous studies have documented that the LV dysfunction observed after endurance exercise resolves within 1 week, the time course of recovery of LV strain and torsion remains to be explored. Moreover, the long-term consequences of the transient myocardial insults and functional abnormalities that occur after repetitive prolonged exercise are unknown and represent an important issue for future investigation.
Conclusions: This study documented major alterations in cardiac strains and torsion after an ultralong distance triathlon. LV systolic strains were depressed but not delayed, whereas twisting was decreased and delayed. This altered pattern hampered the rapid untwisting during isovolumic relaxation phase, reducing LV diastolic suction and early filling. 23
Moderate Exercise Training Improves Survival and Ventricular Remodeling in an Animal Model of Left Ventricular Volume Overload
Summary: Chronic left ventricular volume overload as seen in patients with aortic valve regurgitation results in severe left ventricular dilatation, hypertrophy, and eventually to heart failure if surgical valve replacement is not performed at the appropriate time. No pharmacological treatment has been clearly shown to be effective to protect the myocardium against the deleterious effects of chronic volume overload. Regular aerobic exercise has been shown to be beneficial in various cardiac diseases but its effects in chronic volume overload have never been evaluated. On the basis of the promising preliminary data, we designed a protocol to evaluate the long-term (9 months) effects of a moderate regular treadmill aerobic exercise program in rats with severe aortic valve regurgitation. Our results show that exercise decreases left ventricular remodeling, improves diastolic properties, and decreases myocardial fibrosis. But most importantly, exercise also improves survival in those animals in comparison with sedentary ones. These results suggest that moderate aerobic exercise is not only safe but also helps preserve normal myocardial properties and integrity. It may also improve survival in subjects with chronic volume overload. Although animal studies must always be interpreted with caution, these exciting results suggest that the impact of regular aerobic exercise should be addressed in carefully designed clinical trials in humans.
Conclusion: Our data show that moderate endurance training is safe, does not increase the rate of developing heart failure, and most importantly, improves survival in this animal model of chronic left ventricular volume overload. Exercise improved left ventricular diastolic function, heart rate variability, and reduced myocardial fibrosis. 24
Reduced End-Systolic Pressure-Volume Ratio Response to Exercise: A Marker of Subclinical Myocardial Disease in Type 2 Diabetes
Summary: The negative predictive value of exercise stress echocardiography for exclusion of underlying myocardial ischemia in type 2 diabetes mellitus (T2DM) is reduced compared with the nondiabetic population. Although this may reflect the accelerated atherosclerosis of T2DM, it may also be due to underlying nonischemic diabetic heart disease (DHD). The noninvasive pressure-volume relationship may enable additional stratification of the risk of myocardial dysfunction in this population given its previously documented inverse correlation with death and major adverse cardiac events. We determined that the change in pressure-volume relationship with exercise stress is associated with established features of subclinical DHD such as advancing age, impaired exercise capacity, chronotropic incompetence and impaired myocardial tissue velocity as well as determinants of contractile reserve (reduced peak hemodynamic response and stress systolic function). These findings may explain the prognostic significance of this pressure-volume relationship. Interestingly, the pressure-volume relationship does not seem to be related to metabolic disturbance. Instead, this blunted myocardial stress response is consistent with a cardiomyopathic process. This may reflect an underlying pathological process of myocardial fibrosis or microvascular disease. The association of chronotropic incompetence with a blunted change in pressure-volume ratio with stress may be reflective of concomitant early cardiac autonomic neuropathy. Hence the noninvasive pressure-volume relationship may represent an alternative method with which to detect early subclinical DHD. This may enable targeted therapy to be instituted sooner in the disease process, leading to prevention of DHD progression and ultimately avoiding the long-term constellation of symptoms associated with diabetic cardiomyopathy.
Conclusions: ⌬SP/ESV ratio is associated with established features of subclinical diabetic heart disease as well as determinants of contractile reserve (peak hemodynamic response and stress systolic function). Peak ESPVR is poorly associated with markers of myocardial dysfunction. 25
Defining the Optimal Prognostic Window for Cardiopulmonary Exercise Testing in Patients With Heart Failure
Summary: Previous investigations have consistently demonstrated the prognostic value of cardiopulmonary exercise testing (CPX) in patients with heart failure (HF). The robust body of literature in this area has primarily assessed prognostic value of this assessment technique without considering the effect time post-CPX may have on the clinical information provided. This study demonstrates that, without consideration of time post-CPX, peak oxygen consumption (Vo) and the minute ventilation/carbon dioxide production (Ve/ Vco 2 ) slope are both strong prognostic markers, with the latter variable providing superior predictive information. This finding is consistent with the majority of previous investigations in this area. However, the prognostic value of both peak Vo 2 and the Ve/Vco 2 slope begin to diminish as more time passes after CPX. This seems to be at least partially attributed to the fact that a greater proportion of individuals who initially have a favorable CPX response experience an adverse event over a prolonged period of time. This finding is not surprising given the fluid nature of cardiac stability in patients with HF (ie, progression to decompensated/refractory HF in previously stable patients). Specifically, this investigation found that peak Vo 2 maintains prognostic value for 2 years, whereas the Ve/Vco 2 slope provides significant predictive information for 3 1 ⁄2 years. In conclusion, clinicians responsible for the interpretation of CPX in patients with HF should consider the time period in which the data maintains prognostic validity and when repeat testing is warranted. Summary: Stress echocardiography is a powerful tool to provide additional diagnostic information in a variety of diseases and allows early detection of subtle myocardial dysfunction. Speckle tracking echocardiography has the potential to assess left ventricular (LV) strain and torsion during the cardiac cycle, but the kinetics of LV diastolic mechanics and their interaction with LV filling during incremental exercise have not been reported previously. This study shows that LV systolic twist and circumferential strain increased progressively with exercise intensity, whereas systolic longitudinal strain remained unchanged after the first imposed workload, underlining the key role of torsional reserve in systolic-diastolic coupling during exercise. During effort, the progressive increase in diastolic untwist, paralleling the increase in systolic twist, mainly was driven by early apical rotation and determined early mitral valve opening, whereas basal rotation and longitudinal diastolic strain rate were major determinants of increased early diastolic filling. The present study gives new insights into physiological adaptive mechanisms of myocardial mechanics to preserve stoke volume when the length of diastole shortens during effort. By defining the normal response, these data also provide a reference with which the exercise response in pathological states may be compared.
Conclusions
Conclusions:
The use of speckle tracking echocardiography gives new insights into physiological adaptive LV mechanics during incremental exercise in healthy subjects, underlining the key role of torsional mechanics. It might be useful to better understand the mechanisms of diastolic dysfunction and exercise intolerance in various pathological conditions. 28
CREB1 Is a Strong Genetic Predictor of the Variation in Exercise Heart Rate Response to Regular Exercise: The HERITAGE Family Study
Summary: Regular physical activity is a cornerstone of a hearthealthy lifestyle. Exercise training improves cardiac function and several cardiovascular disease risk factors, including ability to perform physical tasks at a given workload with a lower heart rate. However, the cardiovascular benefits of regular physical activity are not equally distributed among individuals, because some exhibit marked improvements whereas others may show little or no changes.
Our previous work has shown that interindividual variation in responsiveness to training aggregates in families. Herein, we show that DNA sequence variation in the cAMP-responsive elementbinding protein 1 gene locus is a strong genetic predictor of variation in exercise training-induced changes in submaximal exercise heart rate, explaining about 5% of the total variance. Better understanding of the predictors of high and low responsiveness to regular physical activity has physiological, clinical, and public health relevance. Such information would help to identify those individuals who would derive the greatest health benefits from exercise training as well as patients who would need other therapeutic options (diet and medication) to support a physically active lifestyle.
Conclusions: Our data suggest that functional DNA sequence variation in the CREB1 locus is strongly associated with ⌬HR50 and explains a considerable proportion of the quantitative trait locus variance. However, at least 5 additional SNPs seem to be required to fully account for the original linkage signal. Summary: Cardiorespiratory fitness-related phenotypes have been shown to have a substantial genetic component in numerous epidemiological studies. However, identifying common genetic variants associated with changes in health-related fitness phenotypes over time in large population-based studies has proven difficult because of the lack of appropriate data sets and the feasibility of measuring fitness in a large group of people. We observed in the CARDIA Fitness Study that carrying several favorable alleles at loci shown to be independently associated with baseline exercise test duration or with change in exercise duration resulted in a Ϸ2.5-minute longer baseline treadmill time in blacks and a 1-minute lesser decrease in treadmill time over 20 years in whites. Thus, these data provide evidence of both the independent and the conjoint effects of multiple markers from several candidate genes on symptom-limited exercise test duration in young adults and with change in exercise test duration over 20 years. Symptom-limited exercise tests have important clinical relevance for evaluating exercise tolerance because many individuals may not be able to perform a true maximal exercise test to exhaustion. These results are of interest to clinicians because exercise duration in CARDIA participants was shown to be predictive of the development of cardiovascular disease risk factors such as diabetes, hypertension, and metabolic syndrome. Understanding the underlying genetic basis of the ability to benefit from regular exercise can likely facilitate custom-tailored programs and therapies for individuals with less-favorable genotypes.
Conclusions:
In multimarker constructs, alleles at genes related to skeletal muscle Na ϩ /K ϩ transport, hypoxia, and mitochondrial metabolism are associated with symptom-limited exercise test duration over time in adults. 30 
Influence of Locomotor Muscle Metaboreceptor Stimulation on the Ventilatory Response to Exercise in Heart Failure
Summary: Patients with heart failure often are limited in their activities of daily living by symptoms of dyspnea and fatigue. The cause of these symptoms has been studied extensively and yet the underlying mechanisms remain unclear. Recently, attention has been placed on metabolically sensitive neurological receptors originating in skeletal muscles as potential contributors to altered hemodynamic status and ventilatory control in this population. The results of this study suggest that these metaboreceptors contribute to augmented ventilation in patients with heart failure. The resultant hyperventilation may subsequently contribute to an increased work and oxygen cost of breathing and may further accentuate perceptions of dyspnea and fatigue and perpetuate the downward spiral of disease progrese400 Circulation October 11, 2011
sion. Thus, continued research in this area is critical because the metaboreceptor may represent a novel therapeutic target for developing treatment strategies.
Conclusion: These data suggest that increased afferent neural activity from the large locomotor muscles associated with metabolites generated during exercise contribute to the augmented ventilatory response to exercise in patients with heart failure. 31 
